A. K. BaxTHH 



HacmuHHO-KOH^opMHhie omo6pacHceHusi e 
MHOsoMepHux KOMnjieKCHhix npocmpaucmeax 



B flaHHOii pa6oTe pesyjibTRTbi ctrtbh [T pacnpocTpanHiOTCH na 6ec- 
KOHeHHOMepHbiii cjiynaii. B cbohx HCCjieflOBaHHHx mbi npn^ep^KHBaeMca: 
TepMHHOJiorHHecKoii apxHTCKTypbi KOMnjieKCHoro anajinsa, pa3pa6oTa- 
Horo B f5]-[3]. 

IlycTb N, R, C - cooTBCTCTBeHHO MHOJKecTBa HaTypajiBHbix, Beme- 
CTBeHHbix H KOMnjieKCHbix HHceji. Rjf- = [0, +cxd) . IlycTb C - ccjaepa 
PHMana (pacniHpeHHaH KOMnjieKcnaH njiocKOCTb), r{B,a) - BHyTpen- 
HHH paflHyc o6jiacTH B G C , OTHOCHTejibHO TOHKH a € B (cm. Hanp. 
[7]-|10|). IIo anajiorHH c npocTpancTBOM C" paccMOTpHM jiHHeftHoe 
BeKTopHoe npocTpancTBO C°° , to ecTb npocTpancTBO ynopaflOHeHHbix, 
c^CTHbix nocjieflOBaTejiBHOCTefi; KOMnjiCKCHbix HHceji. TaKHM o6pa30M 
<C°° ecTb fleKapTOBoe npoH3Be/i,eHHe CHCTHoro HHCjia SKseMnjiapoB kom- 
njieKCHoii hjiockocth C : C°° = CxCx...xCx.... AnajiorHnHO, 
]R°°=KxRx...x]Rx..., M°°cC°°. 

C4)opMyjiHpyeM j^jisi cjiynaa npocTpancTBa C°° HCKOTOpbie noHHTna 
pa6oTbi [Ij. 

1. Ajire6pa C°° . 

Onpedejieuue J . EHHapnyio onepai^mo flefiCTByiomyio h3 C°°xC°° 
B C°° no npaBHjiy 

'L-W={zkWk}T=i. (1) 

r^e Z = {zk}kLi G , W — {wk}^^i G C°° , 6y;i,eM nasbiBaTb eejc- 
mopHUM yMHOcuceHueM aAeMenmoe C°° . JXaHsasi onepan,HH npeBpama- 
eT C°° B KOMMyTaTHBHyro, accoiinaTHBHyio ajire6py |11[|12| c ejimimxevL 

1 = (1,1,...,!,...) eC°°. 

06paTHMbiMH, OTHOCHTejibHO TaK onpeflejieHHOH onepaLi,HH yMHOJKe- 

HHH, HBJIHIOTCH 16 H TOJIbKO TB ejieMCHTbl Z = {zfc}^]^ G C°° y KOTOpblX 

Zk ^ fljin Bcex k — 1 , oo . 

06paTHbiMH fljia TaKHx sjieMenTOB Z e 



= {z^^l^i e C°° , TaK KRK Z • = • Z = 1 . MnojKecTBO 6 
Bcex sjieMeHTOB A = {ak}kLi G , y KOToptix xoth 6h o;i,Ha Koop^n- 
Haia ttfc = , HasoBeM MHO>KecTBOM Heo6paTHMijix sjieMeHTOB A S C°° . 
MHO>KecTBO Q sBjiHeTCH oSte^HHeHHeM MaKCHMajibHbix HfleajiOB ajire6- 

pbi c°° [Ta]. 

IIo anajiorHH c KoneHHOMepHbiM cjiynaeM (cm. nanp |12j). mojk- 
HO npeflCTaBHTb C°° Kax npHMyio cyMMy cneTHoro HHCJia SKseMnjiapoB 
ajire6pbi KOMnjiCKCHBix HHceji C . CipyKTypa BCKTopHoro npocTpancTBa 
C°° nojiHOCTbio corjiacycTca co CTpyKTypoii ajire6pbi C°° . OSoSiuhm 
pa^ onpeflejiCHHii pa6oTbi [IJ na cnynaM ajire6pM C°° . 

2. ConpHXCGHHe. 

OnpedejiBHue 2. Ka>K^OMy sjieMCHTy W = {w^fclfc^i G nocxa- 

BHM B COOTBCTCTBHe BCKTOpHO - COnpHJKeHHblH SJICMeHT W — {wfej^j^ G 

C°° , rflc Wfc o6o3HaHaeT hhcjio KOMnjiCKCHO conpajKCHHoe Wk b o6hh- 
HOM CMMCjie. TaK onpeflCjieHHoe cooTBCTCTBHe sa^acT aBTOMop4)H3M 

C°° , OCTaBJIHK)III,HH HCnOflBHiKHblM nOflnpOCTpEHCTBO . 

3. Moflyjifa (BeKTopHbiii) . B ajire6pe C o^hhm h3 BajKHeiiniHx 
sBjiaeTCH noHSTHe Mo;i,yjia KOMnjiCKCHoro ^^iicjia. B pa6oTe [Ij npe^jio- 
JKCHO BCKTopHoe o6o6iii;eHHe flanoro noHHTHs, pacnpocTpanHM ero na 
npocTpancTBO C°° . IlycTb R'^ = i?+ x i?+ x . . . x .... 

OnpedejieHue 3. Bcktophbim yiopyjieM npoHSBOjiBHoro sjiCMCHTa 
^ = {zk]tLi £ 6yAeM HasbiBaTb BexTop |Z| := £ . 

BajKHO, ^iTO fljiH npoHSBOjiBHoro Z = {^fcl^j^ £ C°° , cnpaBefljiHBO 
paseHCTBO 

Z-Z= |Z|2 = |Zp. (2) 

4. BeKTOpHElH HopMa. 

Onpedejieuue 4- BcKTop X = {a^fcj^i £ K°° 6y;i,eM HasbiBaTb 
HeoTpHD;aTejii>Hi>iM (cTporo nojiojKiiTejibHtiM) h nncaTb X > O ( X > 
O), ecjiH Xk > AJia Bcex /c = l,oo ( > xoth 6h o;i,Horo 
fc = T;^), = (0,0,...,0,...) . 

Onpedejieuue 5. By^eM tobophtb, ^ito bcktop X = {a^fej^i £ 
6ojibme jih6o paBen (cTporo 6ojii>ine) scKTopa Y = {yfcj^i £ , ecjiH 
X- Y > O (X- Y > O). 

^aHHbie onpeflejieHHH fljiH KoneiHOMepHbix npocTpancTB C" Sbijih 
flaHbi b pa6oTe [IJ. B MHoroMepHBix npocTpancTBax CHiyai^HH cyme- 
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CTBeHHO OTjiHHaeTCH OT cjiyHas BemecTBeHHoft npaMoii, nanpHMep, bck- 
Top O = (0, 0, . . . 0, . . .) 6ojii)ine jih6o paBen Bcex bsktopob, KOop^HHa- 

^ V ' 

oo— pa3 

TBI KOTopbix Henojio>iaiTejibHbi H MeHBme jih6o paBen Bcex BeKTopoB h3 

. OcTajIbHbie BeKTOpbl y KOTOpLIX KOOprtHIiaTM pa'JIIblX SHaKOB 

c BeKTopoM O He cpaBHHMbi B CMbicjie onpe^ejieHHii 4 h 5. 

OnpedeMBHue 6. BeKTopnoe npocTpancTBO Y 6yfleM nasbiBaTb 
BCKTopiio iiopMiipoBaHHbiM, ccjiH KajK;];0My y E Y conocTaBjieH hcot- 
pHn;aTejibHbiH bcktop S , yflOBjieTBopHiomHH ycjiOBHHM: 

1) ||y|| > O , npHHeM ||y|| = O <S=^ y = Oy , ( Oy - nyjib npocTpan- 
CTBa Y ) ; 

2) Il7y|| = l7lll2/||, VyeY, V7eC; 

3) \\yi +2/211 < llz/ill + II2/2II , yyi,y2 e Y. AnajiornHHO mo>kho 
BBecTH noHHTiic BCKTopiiOH MCTpiiKH. BBeflCHHoe onpe;i,ejieHHe 3 y^o- 
BjieTBopaeT onpe/i,ejieHHio 6. TaKHM o6pa30M BCKTopHbiH Mo;i,yjib hbjih- 
eTCH BeKTopHOH HopMoii B ajire6pe <C°° : || • || = | • | . Tor;;a OTKpbi- 

TblM e/I.HHH'IHblM LUapOM B ajIFcGpe C°° HBJiaeTCa CflHHHIHblii OTKpbl- 

Tbifl: nojiHKpyr ||2;|| < 1 , (1 = (1, 1, . . . , 1, . . .) , a eflHHHHHOii c4)epoH - 
T°° = {Z e C°° : \\Z\\ = 1} . BajKHO, hto 

a) 1^1-^21 = 11^1-^211 = \\Zi\\\\Z2\\ = \Zi\\Z2\, VZi,Z2 eC°°; 

6) |1| = ||1|| = 1, (1 = (1,1,...,1,...)). 

SaMCTHM, HTO fljiH eBKjiH/;oBOH HopMbi || • \\e , onpeflCJisieMoit coot- 

00 ^ 

HomeHHeM = ^ (kfep)^ , cnpaBefljiHBO paBencTBO 

k=l 

\\1\\e = 00. 

5. BeKTopHbiii apryMGHT a G C°° . B flajibHciiniCM bcktop (npo- 
HSBOJibHbiit) npocTpancTBa (ajireGpbi) C°° 6yfleM nasbiBaTb GecKOHen- 
HOMepHbiM KOMnjieKCHbiM HHCJiOM, a ajire6pa C°° 6y^eT nasbiBaTbCH 
ajire6poH 6ccKOiiciiiOMcpiibix KOMnjiCKCHbix ihccji. 

OnpedeABHue 7. BeKTopnbiM apryMeHTOM GecKoneHHOMepHoro 
KOMnjieKCHoro HHCJia A = {afe}^^ € C°°\Q aBjiaeTCH 6ecK0HeHH0- 
MepHbiit BemecTBeHHbm bsktop, onpeflejiaeMbiit (JjopMyjioii 

argA = {argafc}^!, 
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r^e arg ecTb rjiasHoe snenemie apryMCHTa, jih6o to KOTopoe BbiTe- 
KacT H3 KOHKpeTHoro CMbicjia saflaHH B KOTopoii 4)HrypHpyeT SecKOHen- 
HOMepHoe KOMnjiCKCHoe hhcjio A g C°° . 

6. KoMnaKTH4)HKaii,HH C°° . 

B KaHecTBe K0MnaKTH4)HKaD;HH C°° = CxCx...xCx... bosbmcm 
npocTpancTBO C =CxCx...xCx..., KOTopoe no anajiorHH c 
KoneHHOMepHbiM cjiy^^acM (cm. |l]-|n|) Sy^eM nasbiBaTB 6ecKOHCHHOMep- 

HblM npOCTpaHCTBOM TBOpHH (J^yHKI^HH. BeCKOHCHHblMH TOHKaMH C 
HBJIHIOTCH Te TOHKH, y KOTOpblX XOTH 6bl O^Ha KOOp^HHaTa 6eCKOHeHHa. 

MHOJKecTBO Bcex 6ecK0HeHHi>ix tohck hmcct KopasMepnocTb c;i,HHHii,a. 

TonojiorHK) b C onpe/],ejiHeM KaK noKOopflUHaTHyio cxoahmoctb 
paBHOMepnyKD no noMepaM KOop^nnaT. 

7. /l^HcJxJjepeHi^HpyeMOCTb. Cna^iajia o6paTHMca k KoneHHOMep- 
HOMy cjiynaio. PaccMOTpnM o6jiacTb D C C" n OToGpajKenne F : D — ^ 

C", ¥ = {fk{zi,...,Zn)}];Li. nyCTb fk = Uk{xi,...,Xn,yi,---,yn) + 

iVk {xi , . . . , x„ , 2/1 , . . . , 2/„) - BemecTBCHHO nenpepbiBHO flncJxJjepenn^Hpy- 
eMbi BCio;i,y b o6jiacTH D npn k ~ l,m , n,m £ N . 

MaTpHu,y 5Iko6h OTo6pajKenHa F , paccMaipHBaeMoro KaK flnej)- 
4)epeHn,HpyeMoe OTo6pajKenHe o6jiacTH D C K.^" b M^™ (MaTpHn,a 
2m X 2n ) npe;i;cTaBHM cjieflyiom,HM o6pa30M 



(1) 



(1) 



{Uy} 



rr(™) 



(m) 



IP 



(m) 



(m) 



yil) 



(1) 



^yi 



(1) 



(1) 



{Vx} 



{Vy} 



V VxK 



(m) 



(m) 



(m) 



rfle C/i^) = g|-C/fc, = ^Vk, fc = 1, m , J - 1, n , 
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niTpHxoBaHHbie jiHHHH pa36HBaiOT MaTpHLi;y 5Iko6h ([2]) Ha HCTbipe 
npHMoyrojibHbie MaTpHii,i>i nopa^Ka m x n , o6o3HaHeHHbie Ux , Uy , 
Vx , Vy , rfle F = Re¥ + ilmW = U + iV, Z = i?eZ + i/mZ = X + iY. 

C yncTOM CKaaaHHoro, Maxpimy ^ mojkho npeflCTaBHTt cjieflyiomHM 
o6pa30M 



Ux 



(4) 



Torfla ycjiOBHH Komn-PHMaHa ^jih OTo6pa>KeHHH F mojkho aanH- 
caTb B BHfle 

\ Uy - -Vx. 

C yncTOM ([5|) HSBecTHoe onpe/],ejieHHe rojiOMop4)Horo OTo6pajKeHHa: 
(cm. [2]-[6]) MOJKHO npeflCTaBHTb b cjieflyromeM BUflfi. 

OnpedeJiBHue 8. OTo6pa>KeHHe F : ID) — >■ C" BemecTBenHO nenpe- 
pbiBHO flH4)4)epeHLi,HpyeMoe b D (xax OTo6pa>KeHHe h3 R^" b K^™ ) h 
y^OBjieTBopaiomee MaTpHHHOMy ypaBHenHio ([5]) BCiofly b D 6y;i,eM na- 
3biBaTb rojiOMop4)HbiM B o6jiacTH D . IIpH n G N ii m = 1 nojiy^aeM 
onpe^ejieHHe rojiOMopeJjHoii (JiyHKi^HH b oGjiacTH D C C" . B cjiynae 
n = 1 , m G N nojiynaeM onpe/i,ejieHHe rojiOMop4)HOH KpHBOii. 

KaK HSBecTHO rojiOMop4)Hoe OTo6pajKeHHe F : D C™ , 

D C C" HasbiBaeTCH 6HrojiOMop(|)HbiM, ecjiH oho HMeeT oGpaTHoe oto6- 
pajKCHHe, rojiOMop4)Hoe b o6jiacTH F(D) . 

Tenepb /i,a/i,HM 4)opMajH>Hoe o6o6n;eHHe npHBe/;eHHbix Bbime paccyx- 
;i,eHHH Ha 6ecKOHC'iHOMepHbiH cjiynaii. 

IlycTb ;i,aHbi o6jiacTi> D C C°° h OTo6pajKeHHe F : B — ^ C°° , 
rfle F = {/fe(Z)}^^i = + *Y)};'^i , /fc(X + zY) = f/fe(X,Y) + 

zyfc(X,Y) = C/fc({a:p}-i,{yp}-i)+*^fe(K}r=i,{2/p}r=i)- IF = U + zV, 
U = U(X,Y) = {C/fc(X,Y)}-i, V = V(X,Y) = {^^.(X, Y)}- ^ , 

Z = X + iY = {xk}f=^ + H2/fc}r=i e © . 

EycTB 4)yHK^HH f/fc({a;p}^i,{2/p}^i) , Vk{{xp}'^^^, {yp}'^^-^) bcio- 
fly B D HMeiOT nenpepbiBHbie nacTHbie npoHSBOflHbie no BceM nepeMen- 
HbiM Xp , Up , p — I, oo . Tor^a MaTpHE,y 5Iko6h npe^CTaBHM b bh^c 
aHajiorHHHOM (j4]) 
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(6) 



r^e yx,UY,Vx,-^ 
ro BHfla Ux = 



aBjiHiOTCH 6ecKOHeT^Hi>iMH MaTpHii,aMH cjieflyiome- 



Uy = 



Vx = 



X^Vp Jfc=l,i 



B HameM cjiynae, chmboji [•] oGosHanaeT GecKOHe^^Hyio MaTpHLi;y. 
Tor/],a ypaBHeHHs KoniH-PHMana npHMyT cjieflyioinHH bh/i, 



(k) 



(fc) 



-C/fc , = 1,00 , 




(7) 



OopMajIbHO CHCTeMbI ([5]) H ([7]) COBepmeHHO OflHHaKOBbl. 

OnpedejieHue 9. IlycTb B HBjiaeTCH npoHSBOjiBHOii o6jiacTbio h3 
npocTpancTBa C°° . OToSpajKCHHC F : D — ;> C°° BemecTBCHHO nenpe- 
pBiBHO flHcjaeJ^epeHi^HpyeMoe b D ii y/;oBjieTBopHioiii;ee MaTpHHHOMy 
ypaBHCHHio ([7]) BCiofly b D Gy^eM HasbiBaTb rojiOMopeJ^HbiM OTo6pa>Ke- 
HHeM o6jiacTH D . 

EcjiH k > m , fkC^) = , TO Mbi nojiynaeM rojiOMopcjDHoe OTo6pa- 
jKCHHe F : B — > C™ . Ecjih paccMOTpHM cyjKeHne OTo6pa>KeHHa F na 
C" , TO nojiyHHM rojiOMop4)Hoe OTo6paaceHHe h3 C" b C°° . 

rio anajiorHH c KoneHHOMepHbiM cjiynaeivi, 6yfleM CHHTaTb, hto rojio- 
Mop4)Hoe OTo6pa>KeHHe F : B — s> C°° , B C C°° HBjiaeTCH 6HrojiOMop4)- 
HbiM, ecjiH F HMeeT o6paTHoe OTo6pajKeHHe, rojiOMopcjjHoe b F(B) . 

fl^jisi Toro HT06 nepenecTH HSsecTHbie peayjibTaTbi o cxo^hmocth CTe- 
neHHbix pHflOB, H3BecTHbie fljiH KOMnjieKCHOii njiocKOCTH C , B npocTpan- 
CTBO C°° , npHBCflCM cooTBCTCTByiomHH aHajiOT onpeflejieHHH paBHOMep- 
Hoii cxoflHMOCTH BHyTpH e/;HHHHHoro nojiHKpyra neKOTopoii nocjie/i,OBa- 

TejIBHOCTH 4)yHKD;HH OTo6pajKeHHH . 

IlycTB U,^ — Ur X Ur X . . . X Ur X ■ . ■ , Tflid Ur — {z : z e C, \z\ < r} , 



:= . = Ur X Ur X ... X Ur X ... 

HeKOTopaa nocjie^OBaTejibHOCTb OToGpajKCHHli. 



H F„ 



— ^ 
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OnpedejiBHue 10. By^eM roBopHTb, hto nocjie;;oBaTejibHOCTi. Fp , 
p = 1 , oo paBHOMepHO BHyTpn U°° cxo^htch k HCKOTopoMy OTo6pa}Ke- 
HHK) Fq : U°° — ?■ C°° , ecjiH ;;jia jiio6oro £>0 h 0<r<l cymecTByei 
TaKoit HOMep no = no(e, r) , no G N , hto 

||Fp(Z)-Fo(Z)|| <£•! 

fljiH Bcex Z e H Bcex p > no . 

Onpedejienue 11. rojiOMop(|)Hoe OTo6pa>KeHHe 

f2{z2) 

V : J 

6yfleM HasBiBaTB aHajiHTHHecKoii (|)yHKHHeit BeKTopnoro apryMeHTa, ec- 
jiH paBHOMepHO BHyipH nojiHKpyra 1LJ°° cxo^piTCH psip^ 



F : U°° C°°, F(Z) = 



p=0 



F(Z) = ^ApZP, Ap = ZeU°°, p,fc = l,oo. 

AnajiHTHHecKHe 4)yHKii;HH BCKTopHoro apryMCHTa no/i,BO/i,aT nac k 
noHaTHio HacmuHHo - KOH(f)opMHux omo6pacHceHU'& b C" h C°° . 

Onpedejieuue 12. HycTb 5 > - neKOTopoe (J)HKCHpoBaHHoe hhc- 
jio. Tor^a OToGpajKeHHe 



F(Z) 



V : J 



z e u° 



r;i;e KajKfloe fk{zk) , k = \,oo , HBjiaeTCH o;i,HOjiHCTHoii 4)yHKi],HeH b ej\m- 
HHHHOM Kpyre, TaKoft hto <5 < |/^(0)| < y , = 1, oo , 6yfleM HasbiBaTt 
HacTHHHO KOH(J)opMHBiM OTo6pa»ceHHeM eflHHHHHoro nojiHKpyra. 
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IIoHCHHM, HTO B onpe;i,ejieHHH 12 hhcjio S aaBHCHT, BOoGme roBopn, 

OT OToSpajKeHHH F , to ecTb S = S{¥) . 

TeKJKe H3 onpe^ejieHHa 12 cjie;i,yeT onpe^ejieHiie nacTKHHO - koh- 
(|>opMHoro OTo6paaceHH5i b jiio6om npocTpancTBe C" . 

B n;ejiOM, nacTH^HO - KoneJjopMHbie OToGpajKenHH, boo6lli;c roBops, 

He HBJIHIOTCH KOHcjjOpMHblMH OToGpaJKeHHHMH, O^HaKO CyJKCHHe TaKHX 

OTo6pa5KeHHH Ha jiio6yio KOop^HnaTHyio hjiockoctb ecTB koh(J)OPmhmm 
OToGpajKeHHCM . 

8. ripeflCTaBjieHHe 6ecKOHeHHOMepHoro KOMnjieKCHoro hhc- 
jia B eeKTopHo — fleKapTOBoii 4>opMe. IlycTb Z = {zk}'^i G C°° . 
Tor;i;a 

Z = = {Rezk + iImzk}Z.^ = {Rezk}tL^ + {ilmzk}^.^ = 

= {Rezk}kLi + i{Imzk}kLi = ReZ + ilmZ = X + iY = 

= {xk}r=i + i{yk}T=i G + 

r^e X = ReZ = {RezkjtLi = {xk}kLi^ Y = ImZ = {Imzk}tLi = 
{yk}T=i- To ecTb C°° = + i]R°° . 

9. IIpeflCTaBjieHHe 6ecKOHeHHOMepHoro KOMnjieKCHoro hhc- 
jia B BeKTopHo — nojiapHoii cJjopMe. 

HcnojibsyH BBiinenpHBeflenHBie onpeflejienHH, nojiyHHM ii,enoHKy pa- 
bchctb: 

Z = {^fc}r=i = {k^|e'"'=}r=i = {k.i}r=i{e'"nr=i 

= |Z| [cosargZ + isinargZ] = \Z\e''^'^^, 

cos/3 = {cos/3fc}^i, sin^ = {sin/3fe}^i, 
expi/3 = {cxpi/3fe}r=i, = {/3fc}r=i e Z = {zfeir^i G C°°. 

AHajiorHHHbiM o6pa30M onpe^ejiHeTca OToGpajKenne In Z , Z = 

{zk}f^,GC^\e 

lnZ = ln|Z| +zargZ = {In |zfc| + i argzfej^i. 
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Bojiee Toro, fljiH peryjiapHoii b o6jiacTax (_Bi, B2, ■ ■ ■ , B^, • • •) j G 
C , fc = 1, 00 4)yHKLi;HH F{z) KOMnjieKCHoro nepeMeHHoro onpeflejiHM 
npoflOjiJKeHHe STOii (^yma\wa pf) rojiOMopcJjHoro OTo6pa}KeHHH oSjircth 
B = i?i X ,62 X ■ • • X Bn X . . . no cjieflymmeMy npasHjiy 

F(W) = {F{Wk)}T=i, W = {wk}tLi e B. 
npHBeflCM npHMepbi ^ecthhho - KoncjjopMHMx OTo6pa}KeHHH, safla- 

HHX SJieMCHTapHblMH 4)yHKI];HHMH. 

1) flpoSno - jiHHeiiHaa 4)yHKii;HH onpe;i;ejiseTCH cooTHomeHiieM 

A1Z + A2 , A4 
2^ — ^ ^ ^ -J- 

A3Z + A4 ' A3 ' 

r^e Ai,A2,A3,A4 - (JsHKCHpoBanHHe KOMnjieKCHbie HHCjia, a Z = 
{-2^fc}fe^i ~ KOMnjieKCHoe nepcMCHHoe. 

2) W — 17^ = {z^}'^^^ , rfle n - naTypajiBHoe hhcjio, - CTeneHnaa 
4)yHKD;HH, rojiOMop4)Ha bo Bceii hjiockocth C . 

3) VF=^(Z+i) - 4)yHKLi,HH >KyKOBCKoro, rojiOMopeJjHa b C \ 

e. 

4) P„(Z) = Y. ^klf" - nojiHHOM, Z e C°° . 

fc=0 

5) ^ , z - Zo e \ e. 

6) expZ = {e^4^i = 1 + Z + iZ^ + . . . + ^Z''^ + . . . , Z e C°° . 

7) (i-z)5 = 1- iz+iz2-... + Mi::%li:±ti)z''--..., Ze 

U°° = {Z : ||z|| < 1}. 

10. nojiHU,HJiHH/j;pHHecKaH TeopeMa PHMana 06 OTo6pa:»ce- 

HHH B L 

OsHaHHM o6jiacTH rHnepGojiiinnoro Tnna KaK b nyHKie 10 [1 . 06- 
jiacTb B G C HasbiBaeTCH o6jiacTbio rHnep6ojiHHecKoro Tnna, ecjiH dB 
(rpaHHi^a B) - cbhshob MHOJKecTBO, co/iepjKamee 6ojiee oflHoft tohkh. 

nycTB 0<(5<1hA = {afcj^i £ C°° . Tor^a B = M{S) = Ms{A) = 
Bi X B2 X . . . X Bn X . . . C C , A G B^ (A) , r^e KajKflaa o6jiacTi> 
Bk HBjiaeTCH o6jiacTbio rHnep6ojiHHecKoro Tnna, S < r{Bk,ak) < ^ , 
fc = 1,00 . IlpH J11060M < 5 < 1 o6jiacTB M{S) — B5(A) nasBiBaeTca 
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KOHCiHOH OTHOCHTCjibHO A nojiHn;HjiHHflpHiecKOH o6jiacTbio rnnepGo- 
jiHHecKoro Tiina. 

AnajiorHiHO [Ij c4)opMyjiHpyeM yTBepjKflCHHe nenocpeflCTBeHHO bh- 
TeKaiomee h3 KjiaccHHecKoli TeopeMbi PHMana 06 OTo6pajKeHHH o;i,ho- 
CBHSHOii o6jiacTH rHnep5ojiHHecKoro THna na e^HHHHHbiH Kpyr. 

TeopeMa PHMana. Uycmti AsC u < S < 1 . Tozda Am6aji ko- 
HBHHaM omHocumeAbHO A noAWnuAundpunecKaji o6Aacmb M^Ms{A) C 
C 8unep6oAUHecKogo muna 6u80AOMop(f>HO SKeueaAenmHa eduHUUHO- 
My noAUKpyey U°° = {W G C°° : ||W|| < 1} . 

IlycTb B = B((5) = i?i X i?2 X . . . X _B„ x . . . - oGjiacTb yKaaaHnaH b 
Teopeivie PHMana, A ~ {afc}^x € B , a/j e Bk , k — l,oo n Wk = fk{zk) 
- rojiOMopcjanaH b Bk 4)yHKn,Ha, oahojihctho h kohcJjopmho OTo6pa}Ka- 
lomaa o6jiacTb Bk , fc = l,oo na e/;HHHHHi>m Kpyr \wk\ < 1 Tax, hto 
/(afe) =0, /'(a,.) >0. 

Torfla 6HrojiOMop4)Hoe OTo6pajKeHHe Fb(Z) = 

{/fe(2:fc)}^l, IFb(^) = {/fclfc^l' yAOBJieTBOpHCT yCJIOBHHM HOp- 
MHpOBKH 

F„(A) = O, F;(A) = {f'kiak)}T=, > O 

H 6yfleT eflHHCTBeHHHM TaKHM OTo6pa}KeHHeM Ha eflHHHHHbiii nojiH- 
Kpyr. Torfla o6paTHoe OTo6pajKeHHe k OToGpajKCHHio Fb(A) HBjiaeTCH 
HacTHHH0-K0H4)opMHbiM OTo6pa>KeHHeM e/;HHHHHoro nojiHKpyra. 

HiaK, B ajire6pe C°° HopMa onpeflejiena paseHCTBOM ||Z|| :— |Z|. 
MeipHKa (BCKTopHaa) B C°° saflaeTca o6biHHi>iM o6pa30M: /9(Zi,Z2) = 
||Zi — Z2II . HaaoBBM TaK OHpeflejienHBie (BCKTopHbie) HopMy h Meipn- 

Ky HOJIHn;HJIHHflpHHeCKHMH. CxOflHMOCTb HO HOJIHH,HJIHH;i,pHHeCKOH HOp- 

Me paBHOMepHO no HOMepaM aaflacTca cooTHomeHHCM Zp — > 
||Zp|| — > O = (0,0,...0, ...) ^ \zl'''>\ =t 0,Vfc = iToo. (SnaK 

" =^ "o6o3HanaeT paBHOMepnyio cxoahmoctb no fc = 1, 00 .) 

11. IIpHJiojKeHHSi. B CBH3H c 6ecK0HeHnoMepHOH TeopeMoii PHMana 
06 OToGpajKennn paccMOTpnM HOjiHn;HjiHHflpHH:ecKHH anajior nsBecTHoro 
Kjiacca S H3 TeopHH oflnojincTHbix 4)ynKn,HH [7] - |10| . 

Onpedejienue 13. KjiaccoM naaoBeM coBOKynnocxi. Bcex 6h- 

rojiOMOp4)nbix OToSpajKennii e^HnnHHOro nojiHKpyra U°° = {Z G C°° : 



10 



||Z|| < 1} BHAa F(Z) = {fk{zk)}T=i^ r^e fk & S, fc = l,oo, 
Z = {^fe}r=i e . 

5IcH0, ^TO A-na Z e U°°(r) := {||Z|| < r < 1}, < r < 1, paBHO- 
MepHO H a6cojiiOTHO cxo/piTca pn;; 



(2) * 



F(Z) = ^AfeZ'==^ 



V 5 / 



Z2 



k '^n 



V 



f2iz2) 
fn ( ) 

V J 



TeopeMa 1. fl^Jisi npoHSBOJiBHoro OTo6pa^eHiiH F G §(°°) cnpa- 
Be^jiHBO HepaBeHCTBO 



r;;e ||Z|| = r, < r < 1 . 



< l|F(Z)|| < 



IIZII 



(1-||Z||)2 



TeopeMa 2. flflu npoHSBOJiBHoro OTo6pa^eHiiH F s S^°°^ cnpa- 
Be;;jiHBO HepaBeHCTBO 

"1-^" <ir(z)ii< "i+^ii 



(1 + ||Z|1)3 ^ (1-||Z||)3' 



Tflfi ||Z|| = r, < r < 1, fc = 1,00. 

TeopeMa 3. (Teopeina BH6ep6axa) Ecjih F e §'°°^ , Tor^a 
|A„| <n-l = n, 

oo 

rflo F = 5^ AfeZ*^ , 1 = (1,1,...,!,...). Shek paBCHCTBa b stom 

fe=i 

nepaBencTBe ^ocTHraeTca Tor^a h tojibko Tor;i,a, Kor^a F = {fkjkLi ; 
/o = ^fc(l - e^^^fe)-2 , 0fc G [0, 27r] , = T;^ . 
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12. HeKOToptie 3a/j,aMH o HeHajieraioiii,HX o6jiacTHX b C 

nepeneceM pesyjibxaT M.A. JlaBpeHTBeBa o MaKCHMyMe npoHSse- 
flCHHH KOHcJjopMHMx paflHycoB flByx HenajieraiomHx oSjiacTcii b npo- 
CTpancTBO C . ITycTt Bi h B2 - ppe nojiimHjiHHflpHnecKHe o6jia- 
CTH B C°°, npH-iCM Bi = b[^^ X B^^^ X B^^^ x ... X Si^^ X 

B2 = b[^^ X b!^^ X bP X ... X si^' X . . . , Tflfi b\!^ cc,k = t;^, 

s = 1, 2 - npoHSBOjiBHbie MHorocBHSHbie o6jiacTH. IlycTb Ai g Bi , 
A2 € B2 . 

06o6iii,eHHbiM BHyTpeHHHM pafliiycoM nojiHi^HjiHHflpHHecKoii o6jia- 
CTH B B TOHLi,e A ( A € B ) 6yfleM nasbiBaTb HeynopHflOHenHbiii Ha6op 
HHceji {r(i3/c, afc)}^j^ . /],jiH y^oScTBa HHCjia r(Bk,ak) 6y;i,eM pacnojia- 
raTb B nopHflKe KOopflnnaTHbix o6jiacTeH 

fr{Bi,ai)\ 
r(B„,a„) 

V •■ / 

PaccMOTpHM Kjiacc nap nojiHLi,HjiHHflpHHecKHx o6jiacTeH A(Ai, A2) , 
KOTopbiii coflepjKHT napbi nojini^HjiHH^pHHecKHx oSjiacTeii, koto- 
pbix Ha6op KOopflHHaTHbix o6jiacTeii {B^} , k — l,oo npn KasK^OM 
4)HKCHpoBaHHOM s = 1 , 2 HBjiHeTCH CHCTeMOH HeHajierammHx o6jiacTeH 
Ha C . Ha Kjiacce A(Ai,A2) sannineM cjieflymmHit 4)yHKii,HOHaji 

JJ = M(Bi,Ai) •M(B2,A2). (8) 

Saflana. Ha Kjiacce A(Ai,A2) fiJisi 4)HKCHpoBaHHbix tohck Ai = O 
H A2 = oo onpeflejiHTb MaKCHMyM 4)yHK]j;H0Hajia (jS]) h onncaTb Bce 
3KCTpeMajiH. 

TeopeMa 4. {A.K. Baxmun, H.B. JJ^enesa) Ha Kjiacce oGjiacTefi 
A(0, oo) cnpaBefljiHBO HcpaBCHCTBO 

]R(Bi,0) ■ R(B2,oo) < 1, 

npmeM 3HaK paBcncTBa b stom HepaBencTBe ^ocTHraeTca fljia oSjiacTeii: 
Bi = U°° H B2 - o6pa3 Bi npH nacTKHHO- koh4)Opmhom OToGpajKenHH 
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o6jiacTH ffii c noMOii;BK) (|)yHKipiH F = ^ . (O = (0, 0, 0, ...), cx) = 
(oo,oo,...,oo,...)) . 
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